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Abstract: Microorganisms have been the source of many different enzymes and alpha amylase is 
the important one. Bacillus strains are widely used for the commercial production of α-amylases 
as the strains are amenable to mass production. The present study aims to find out an effective 
producer of α amylase from 61 Bacillus sp. isolated from neem leaves and standardise the 
production conditions. Of the 61 isolates 49 (80.3%) isolates were found to produce amylase on 
starch agar plates. Seven isolates were selected for enzyme production by broth culture and the 
isolate SJC B03 was found to be the best. This isolate was used for optimizing the culture 
conditions for alpha amylase production. The optimum pH of the production medium for alpha 
amylase was found to be 5 and the isolate showed almost equal enzyme activity, when powdered 
tapioca and smashed potato were used as carbon source. Maximum enzyme activity was shown 
by the isolate when ammonium chloride was used as nitrogen source in the medium. 
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Introduction 
Amylases are extracellular enzymes which degrade starch. Amylase hydrolyzes the bonds 
between the adjacent glucose units in the starch molecule. Within the family of microbial 
amylases, α-amylase, β-amylase and amyloglucosidase have wide industrial applications. Alpha 
amylase [1, 4 - α – D - glucan glucanohydrolase] hydrolyses α – 1, 4 glucosidic linkages and 
other related substrates and split them producing oligosaccharides, glucose and α - limit dextrin 
[1]. Amylases are extensively used in processed-food industry, medical and analytical chemistries, 
textile, fermentation, paper, brewing and distilling industries [2, 3, 4]. Applications of amylase 

Indian Journal of Applied Microbiology
ISSN (Online): 2454289X, ISSN (Print): 22498400 
Copyright © 2017 IJAM, Chennai, India  Volume 20 Number 1 

January - June 2017, pp. 55-62 



56  JOSEPH C. DANIEL,  SUDANTHARADEVI V. AND SOWMIYA S 

INDIAN JOURNAL OF APPLIED MICROBIOLOGY                                      Vol. 20 No. 1 Jan.- Jun. 2017 

extend to many other fields and are used for the pre-treatment of animal feed to improve the 
digestibility of fiber [5].  

Microorganisms have widely been exploited for the production of amylases and microbial sources 
of amylases have totally replaced the chemical catalysts. Microorganisms reported for the 
production of amylase include bacteria, fungi, yeasts and actinomycetes. Species of Bacillus 
studied for their ability to produce amylase include Bacillus licheniformis [6], Bacillus subtilis 
[7], Bacillus stearothermophilus [8], Bacillus amyloliquefaciens [9], Bacillus coagulans [10] and 
Bacillus flavothermus [11]. The present study also aims to find out an effective producer of α 
amylase and standardise the production conditions. 

Materials and Methods 
Sixty one Bacillus sp., isolated from neem leaves, were obtained from the culture collection of the 
Department of Microbiology, St. Joseph’s College of Arts and Science and used in this study. The 
isolates were maintained as glycerol stocks at -20°C and subcultured on nutrient agar slants for 
routine use. 

Phenotypic characterization of the isolates 
The identity of the cultures was confirmed by performing basic tests according to Bergey’s 
Manual of Systematic Bacteriology [12]. Phenotypic features of a bacterium refer to all the 
expressed features of a bacterium such as its morphological, biochemical and chemotaxonomic 
properties. The methods used for studying the above characteristics include Gram staining, 
motility, spore staining, catalase test, oxidase test, Voges-Proskauer test, Citrate utilization test, 
utilization of sugars (glucose, arabinose, mannitol and xylose). 

Screening for amylase activity 
The isolates were inoculated on starch agar (soluble starch 10g, KNO3 0.5g, K2HPO4 1g, 
MgSO4.7H2O 0.2g, CaCl2 0.1g, FeCl3 traces, Agar Agar 15g per 1000ml distilled water, pH 7.0) 
and incubated for 24 hours at 30°C. After incubation, iodine solution (10 gm of potassium iodide 
crystals was dissolved in 100 mL distilled water and 5 gm of iodine was added to it) was poured 
over the medium in the plates and production of amylase was seen as clear zones around the 
colonies, because of the utilization of starch. Seven isolates that showed larger zone were selected 
for further tests. 

Production of amylase 
The selected isolates were inoculated into 10 ml nutrient broth and incubated at 30°C overnight. 
Two ml from the overnight culture was inoculated to 50 ml of production medium (soluble starch 
10g, peptone 5g, yeast extract 5g, K2HPO4 1g,  MgSO4.7H2O 0.2g, Na2CO3 10.5g per 1000 ml 
distilled water, pH 7.0) in 250 ml Erlenmeyer flasks and placed on shaker incubator (Remi, India) 
operated at 150 rpm at 30°C for 96 hours. Samples were collected at every 24 hrs and the level of 
growth was measured by determining the optical density at 600nm. The cultures were centrifuged 
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at 10,000 rpm for 15 minutes using a high speed centrifuge (Eppendorf, Germany). The cell free 
supernatant containing the enzyme was collected and used for the estimation of amylase. 

Estimation of amylase 
Amylase activity was estimated for the isolates by the method reported by Mukesh et al. (2010) 
[13]. In brief, 2.5 ml of 0.1M phosphate buffer (pH 6.9), 2.5 ml of 0.5% starch and 1 ml of NaCl 
was added to a test tube. The tubes were pre-incubated for 10 minutes at 30°C. One ml of culture 
filtrate was added to the test tube and the tube was incubated for 15 minutes at 30°C. The reaction 
was stopped by the addition of 0.5 ml of 2N NaOH. Then 0.5 ml of DNS reagent was added and 
kept in a boiling water bath for 5 minutes. After cooling the tube, the colour developed was read 
at 540 nm against blank. Maltose standard graph was prepared for calibration. One Unit of 
amylase activity is defined as the amount of enzyme required to liberate 0.1M maltose equivalent 
under assay conditions, pH 6.9. 

Optimization of amylase production 
The Bacillus sp. which showed maximum enzyme activity was used for optimization studies. All 
the optimization experiments were carried out using the following conditions: inoculum 4%; 
temperature 30°C; RPM 150; incubation period 48 hrs. 

Effect of pH   
The optimum pH for amylase production was determined by varying the pH of the production 
medium between 5 and 10. The cultures were harvested after incubation and the amylase activity 
was estimated by the DNS method as described above. 

Effect of carbon source 
The selected isolate was grown in the production medium in which 1% (w/v) potato smash was 
used to replace starch. After incubation the enzyme activity was estimated as described above. A 
similar experiment was conducted with tapioca powder (1% w/v). 

Effect of nitrogen source 
The prominent isolate selected was grown in the production medium with any one of the three 
nitrogen sources - ammonium chloride, urea and casein - instead of peptone. After incubation the 
culture was used for the estimation of amylase.  

Results 
All the isolates used in the study were Gram positive rods and tentatively identified as Bacillus sp. 
based on morphological and biochemical characteristics. Of the 61 Bacillus isolates screened for 
amylase production on starch agar plates, 49 (80.3%) isolates were found to be amylase 
producers. Based on the results of screening test, seven isolates that showed larger zone were 
selected for further studies. Of the seven isolates tested, five isolates were able to reach maximum 
growth within 72 hrs, while two isolates didn’t show much growth during the incubation period 
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(Figure 1). Isolate SJC B08 was found to produce maximum growth followed by SJC B37 and 
SJC B03. Alpha amylase production by the five cultures was determined by calculating units of 
enzyme activity and the isolate SJC B03 showed maximum activity (2.9 Units/ml) (Table 1). This 
isolate was used further to optimize the culture conditions for maximum α amylase production. 

 

Figure 1. Growth pattern of amylase producing isolates in standard production medium 

Table: 1. α-amylase production by the isolates at different time intervals in standard production medium 

S. 
No. 

Culture Enzyme units/ml 
(24 hrs) 

Enzyme units/ml 
(48 hrs) 

Enzyme units/ml
(72 hrs) 

Enzyme units/ml
(96 hrs) 

1. SJC B03 1.40 2.90 1.68 1.54 

2. SJC B08 1.60 2.10 1.56 1.05 

3. SJC B37 1.60 1.85 1.90 1.26 

4. SJC B55 1.73 1.94 1.97 1.57 

5. SJC B60 1.28 1.90 1.96 1.35 

The optimum pH of the production medium for α amylase by the isolate Bacillus sp. SJC B03 was 
determined by varying the pH of the medium between 5 and 10 followed by estimation of α 
amylase activity and it was found that the maximum activity was exhibited when the pH of the 
medium was 5 (Figure 2). Two carbon sources, smashed potato and powdered tapioca were used 
as the substrate in the production medium for α amylase. Both the substrates were able to show 
almost equal enzyme activity, 1.3 Units/ml when powdered tapioca was used and 1.2 Units/ml 
when smashed potato was used. The influence of nitrogen source on the production of amylase 
was studied by growing the isolate SJC B03 on three different nitrogen sources, ammonium 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0hrs 24hrs 48hrs 72hrs 96hrs

O
p
ti
ca
l D

e
n
si
ty
 a
t 
6
0
0
n
m

Incubation period

SJC B03

SJC B08

SJC B30

SJC B37

SJC B55

SJC B58

SJC B60



Influence of media components and pH on the production of alpha amylase…     59 

INDIAN JOURNAL OF APPLIED MICROBIOLOGY                                      Vol. 20 No. 1 Jan.- Jun. 2017 

chloride, urea and casein. Maximum enzyme activity was found when ammonium chloride was 
used as nitrogen source in the medium. 

 

Figure 2. α Amylase activity of Bacillus sp. SJC B03 at different pH of the standard production medium 

Discussion 
Microbial enzymes are widely used in the food and beverage industries. They are preferred over 
the chemical catalysts since the most economical and convenient method of producing these 
enzymes is by microbial fermentations. 

The present study included 61 bacterial cultures isolated from neem leaves and almost 80% of the 
isolates showed α-amylase activity. This fact correlates with the finding of many others who 
stated that the species of the genus Bacillus are known for their enzyme production especially, 
amylases [14]. On the basis of the zone of clearance on starch agar plates, seven bacterial isolates 
were selected for enzyme production from which the isolate Bacillus sp. SJC B03 was selected 
for further evaluation. 

Optimization of fermentation conditions, particularly physical and chemical parameters, is vital in 
the development of industrial fermentations as it directly influences the product cost and 
practicability of the process [15]. The Bacillus strain used in the study showed maximum amylase 
activity when the medium was prepared at a pH of 5, which is acidic. A similar condition was 
observed in the study by Pathania et al. (2017) with Bacillus amyloliquefaciens [16]. Obviously 
the optimum pH for bacterial growth varies between species.  
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Media used for the production of α- amylase have been studied by several workers. Cheaper 
substrates can cut down the production cost to a larger extent. Wheat bran and rice husk were 
used as substrate for amylase production by Baysal et al. (2003) [17]. Coconut oil cake was used 
as a substrate to produce amylase using   Aspergillus oryzae [18]. In the present study also cheap 
carbon sources like smashed potato and powdered tapioca were used as carbon sources in place of 
starch. Both these sources of carbon have almost equal effect on the α- amylase production. 
According to Hewitt and Solomons (1996), enzyme production will occur only when the growth 
rate declines in a complex medium which supports faster growth rates [19]. This occurs during the 
stationary phase in contrast to a synthetic culture medium that supports much lower growth rates. 
They observed the enzyme production occurring simultaneously with cell growth. 

Among the three nitrogen sources used ammonium chloride was found to enhance the production 
of amylase followed by urea and casein as evidenced by the increased enzyme activity (1.8 
Units/ml). This indicates that the enzyme production by the strain SJC B03 is favoured by simple 
nitrogen source than complex ones. Inorganic nitrogen source was found to be as effective as 
organic ones in several studies [10, 20]. Maximum production of α-amylase by B. subtilis has 
been reported by using ammonium chloride as the nitrogen source [21]. However, when peptone 
is used as nitrogen source in the production medium, the enzyme activity was much higher ie. 2.9 
Units/ml. A study by Aiyer (2004) which reported peptone to be a better nitrogen source supports 
the present finding [22]. 

The present study identified Bacillus SJC B03 as a potential candidate for amylase production. 
The strain has to be studied further to identify the organism at the species level and to scale up the 
enzyme production. 
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